Objective: To translate into Arabic and validate the Western Ontario and McMaster Universities (WOMAC) index.
Introduction
Osteoarthritis (OA) of the knee and hip are common causes of lower extremity pain and disability in the general population 1 . As in western industrialized countries, in North Africa, the incidence of knee OA is more frequent than that of hip OA. An epidemiological study was recently undertaken, but results are not published yet. Pain, stiffness and physical disability are the major symptoms of OA and should be assessed when evaluating the impact of OA. Despite the high prevalence of OA 2 , few standard methods exist for the assessment of patients with OA either in clinical practice or in clinical trials [3] [4] [5] . The functional status of patients with knee OA can be assessed either by a battery of tests quantifying physical activity restrictions, such as the 6-minute walk test, the stair climbing test, and the lifting and carrying weight test 6 , or by questionnaires evaluating disability in daily living activities. This last method is relevant and appreciated for its simplicity. Moreover, it allows for assessing the patient's opinion of functional disability.
The Western Ontario and McMaster Universities (WOMAC) index is an English-language questionnaire developed and validated by Bellamy et al. in a comparative trial of non-steroidal anti-inflammatory drugs used for knee and hip OA 7 and in a population with OA followed after total hip or knee arthroplasty 8 . This self-administered composite questionnaire includes five questions about pain, two about stiffness, and 17 about degree of difficulty in accomplishing daily life activities. The scores for the subscales on pain, stiffness, and disability are calculated separately. A total score, which aggregates dimensions into a global index, has been proposed but has not been validated, and the author recommends that the dimensions be kept separate and the analysis conducted on a subscale-by-subscale basis 9 . This index is progressively becoming the most widely used instrument for the assessment of OA-specific health status in Europe and North America; its metric proprieties have been extensively tested 7, 8, 10 , and it is currently available in German, Swedish, Hebrew, FrenchCanadian, French, Italian and Spanish 9, [11] [12] [13] [14] [15] . To enable comparison between assessments done in different countries, these instruments need to be not only translated but also adapted for use in different cultures 16, 17 . There is no instrument worded in the Arabic language and validated for an Arab population to measure lower limb functional disability caused by OA. Assessment is usually either by global appreciation (patient and doctor's appreciations) or use of invalidated foreign tools (often English or French).
The aim of the present study was to translate the WOMAC into Arabic and to validate the Arabic version of the index for Tunisian patients with knee OA. We expect that the translated and adapted version should suit other Arab populations because of their similar language and culture.
Materials and methods

THE SCALE
The WOMAC OA index 9 is a self-administered composite questionnaire with a three-dimensional measure of pain, joint stiffness and degree of difficulty in accomplishing daily life activities (see annex 1 for the subscale items). The pain subscale (P subscale) includes five questions about pain for 'walking on a flat surface' (P1), 'going up or down stairs' (P2), 'at night while in bed' (P3), 'sitting or lying' (P4), and 'standing upright' (P5). The stiffness subscale (S subscale) includes two questions about stiffness 'after first wakening in the morning' (S1) and 'after sitting, lying or resting later in the day' (S2). The physical function subscale (PF subscale) includes 17 questions about the degree of difficulty when 'descending stairs' (PF1), 'ascending stairs' (PF2), 'rising from sitting' (PF3), 'standing' (PF4), 'bending to floor' (PF5), 'walking on a flat surface' (PF6), 'getting in/out of car' (PF7), 'going shopping' (PF8), 'putting on socks/stockings' (PF9), 'rising from bed' (PF10), 'taking off socks/stockings' (PF11), 'lying in bed' (PF12), 'getting in/out of bath' (PF13), 'sitting' (PF14), 'getting on/off toilet' (PF15), 'heavy domestic duties' (PF16), and 'light domestic duties' (PF17).
Each of the 24 questions is graded either on a five-point Likert scale (0 to 4) or a 100 mm visual analogue scale (VAS) 9 ranging from 0 (no pain) to 100 (extreme pain). The WOMAC index was translated by the forward and backward translation procedure following recommended guidelines [16] [17] [18] . Forward translation was carried out by six professional bilingual translators (native Arab-speaking people). Translators were encouraged to strive for idiomatic rather than word-for-word translation. None of them was familiar with this type of instrument. The investigators (two physiatrists and one rheumatologist involved in OA disease) reviewed the translations to make cultural adaptations. Synthesis of the translations led to a unique version. Two other Arabic translators, one Tunisian and one Mauritanian, then carried out a backward translation of this revised version into English, to verify that the meaning of the items was preserved. Translation difficulties, cultural diversity, conceptual equivalence and vocabulary differences were highlighted by this translation technique 19, 20 .
PRE-TESTING
For pre-testing, a sample of 13 patients with knee OA answered the translated questionnaire in order to test for misunderstanding and acceptability of the questions 18, [21] [22] [23] [24] [25] . This pilot study also served to determine whether a VAS or a Likert scale should be used for answers.
TESTING THE SCALE
Patients
In-and outpatients aged 40 to 80 years with symptomatic knee OA fulfilling the revised clinical and radiographic criteria of the American College of Rheumatology 26 , for at least 6 months, were recruited from the departments of rheumatology and rehabilitation of Sfax Hospital, Tunisia. Patients were excluded if they had (a) no knee X-ray in the previous 3 months, (b) other disabling lower limb osteoarthropathy or myopathy, (c) respiratory or heart failure, (d) severe psychiatric disorders, or (e) isolated patellofemoral OA.
All patients were informed of the nature of the study and gave their consent to participate.
Methods
Demographic and clinical characteristics of patients were collected at a baseline visit.
The questionnaire was administered to 103 patients by the investigators, who could repeat the questions but were not allowed to change words. A 'never done' choice was added for questions P2, PF1, PF2, PF7, PF8, PF13, PF16, PF17 which were questions about daily activities, and instructions to patients specified that this answer was to be chosen only if the activity was not done before the appearance of symptoms of knee.
Item-by-item analysis.
To check for item comprehensiveness, patients had to rate each of them as incomprehensible; doubt about understanding; comprehensible. Incomprehensible questions and questions answered 'never done' by more than 5% of patients were eliminated.
For each item a ceiling or floor effect was tested. A question was eliminated if its answer distribution was badly skewed. Test-retest reliability of each item was studied with use of the intra-class correlation coefficient (ICC) 27 . Reliability was considered to be insufficient when the ICC was <0.65.
Psychometric properties of the scale.
Inter-rater reliability
The questionnaire was administered twice during a 24-h interval by two investigators. We chose this interval to avoid variations in clinical status and the patients remembering previous answers. Only patients who felt clinically stable were tested twice. Reliability was assessed for the P, S, and PF subscales.
Face validity
Item acceptability was studied. Item-by-item analysis was performed to detect missing responses. The time needed to complete the questionnaire was noted.
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Construct validity
Investigated in three ways:
1 Convergent validity was assessed by correlating the WOMAC subscale scores with variables that could be expected to have a converging relationship. For P subscale, the expected correlated variables were global pain intensity in the last week assessed on a VAS (VAS P) ranging from 0 (no pain) to 100 mm (maximum pain) and the pain score of the Lequesne index (P Leq) 4, 28, 29 . For S subscale, the expected correlated variable was the stiffness score of the Lequesne index Osteoarthritis and Cartilage Vol. 12, No. 6 461 (S Leq). For PF subscale, the expected correlated variables were the functional score of the Lequesne index (F Leq) and the maximum distance walked. 2 Divergent validity was assessed by correlating the WOMAC subscale scores with variables known to have a weak or no relation to functional disability, stiffness and pain. These variables were the Beck depression scale score 30 , the score of OA adapted from Kellgren's radiological score 31 ranging from 0 (no OA) to 4 (severe OA), and the difference between the two thigh circumferences measured in centimeters at 10 cm above the patella. Moreover, for each subscale, the two other subscales were considered as divergent. 3 Factor analysis was performed with use of principal component analysis to extract factors. The retained factors had Eigen values >1. Independent factors were obtained with use of the varimax rotation method. Two steps were followed to study the factorial structure of the scale:The first step was to ascertain the a priori stratification (pain, stiffness, function) of the scale; thus, factor analysis was performed on the whole questionnaire.The second step was to assess the factorial structure of each of the subscales.
STATISTICAL ANALYSIS
Statgraphics SYSTAT 9 Delta Soft® for Windows NT/ 97/98 was used for all statistical analyses. Quantitative variables were described with means, standard deviations (SD), and minimum and maximum values. Qualitative variables were described with proportions and percentages.
Test-retest reliability was assessed with use of the ICC 32 and the Bland and Altman method 33 . These two methods give complementary information 34, 35 . The correlation between two quantitative variables was assessed with use of the non-parametric Spearman's rank correlation coefficient (r s ), because a normal distribution could not be demonstrated for all parameters studied. Spearman' rank coefficient values were interpreted as follows: excellent relationship, >0.91; good, 0.90 to 0.71; moderate, 0.70 to 0.51; fair, 0.50 to 0.31; and little or none, <0.30 27 . Factor analysis was performed with use of the principal analysis to extract factors. The retained factors had Eigen values >1. Independent factors were obtained with use of the varimax rotation method. The level of significance in all tests was P<0.05.
Results
TRANSLATION
Forward and backward translation was carried out by eight translators and three investigators. Synthesis of the six forward translations led to a unique version. The two backward translations of this version were comparable to the original scale (annex 1).
PRE-TESTING
Patients
Thirteen patients (10 women) with a mean age of 54±5.5 (minimum 46, maximum 56) of whom eight were unemployed, were given the test. Five were illiterate. The pilot study resulted in a few linguistic changes to the instrument. Terms that were incomprehensible were changed. Illiterate patients did not understand the Arabic literal translation of socks; the dialect synonyms usually used by North Africans were added to the literal ones. Some patients asked if sitting (in items P4 and PF14) meant on the floor or on a chair; for these two items we changed 'sitting' to 'sitting on a chair'. All items were retained. All patients preferred the Likert scale to the VAS. Because of the high level of illiteracy among adult Tunisian people, a self-administered questionnaire was not possible; thus, the interviewers administered the questionnaire.
TESTING THE SCALE
Demographic and clinical data
A total of 103 patients (78 women) answered the questionnaire between January and May 2002. Their mean age was 55.9±7.67 years (range 40 to 78 years). Fifty-eight percent were illiterate. Table I shows the demographic and clinical characteristics of the patients.
Item analysis
Twenty-six percent of the patients had difficulty answering item PF15 and needed to know whether the question meant a Turkish toilet or a toilet with a seat. The term 'toilet' does not have the same meaning for all patients; in fact, people from the country often use a Turkish toilet, and city dwellers usually have a toilet with a seat. Therefore, item The test-retest reliability and construct validity were assessed after the eight items were eliminated. The score of the modified PF subscale ranged from 0 to 36.
Acceptability:
It took 5.27±1.83 min (minimum 2.30 min, maximum 9 min) to complete the questionnaire. The questions were well accepted by the patients.
Inter-rater reliability
The questionnaire was administered twice to 42 patients, at an interval of 25.42±11.7 h (minimum 13.5 h, maximum 49 h). The mean score at the baseline visit was 11.7±3.66 (3 to 19) for P subscale, 3.69±2.26 (0 to 8) for S subscale, and 14.26±6.57 (2 to 27) for PF subscale. Mean scores at the second assessment were 11.95±3.91 (3 to 19), 3.71±1.9 (0 to 7), and 15.6±6.3 (3 to 28) for P, F, and modified PF subscales, respectively. The reliability assessed by the ICC was good for P subscale (0.84), S (0.84) and modified PF subscales (0.92). Bland and Altman analysis revealed that the means of the differences did not differ significantly, and no systematic trend was observed (Fig. 1) . Table III shows the results of divergent and convergent validity for P, S, and modified PF subscales of the WOMAC index.
Construct validity
Convergent validity. For P subscale, expected convergent validity was observed with VAS P (r s =0.56) and the pain Lequesne score (P Leq; r s =0.54). For S subscale, expected convergent validity was observed with the stiffness Lequesne score (S Leq; r s =0.55). For PF subscale, expected convergent validity was observed only with the functional Lequesne score (F Leq; r s =0.55). The correlation with maximum distance walked was weak (r s =−0.32).
Divergent validity.
For each WOMAC subscale, we observed expected divergent correlations with the Beck depression scale score, Kellgren's score and the difference between the two thigh conferences. Surprisingly, correlations between subscales were fair or good. The ICC between P and S subscales was 0.57, between P and PF subscales 0.67 and between S and PF subscales 0.71. Table IV shows the results of the factor analysis of the WOMAC index and the loading of each question after varimax rotation.
Factor analysis
Factor analysis of the whole index extracted four factors with Eigen values >1, which differed from the a priori triple stratification (pain, stiffness and disability). The factors accounted for 70.5% of the total variance. Neither of the factors could be clinically characterized. Table V shows the results of the factor analysis of P and S subscales and the modified PF subscale of the index and the loading of each question after varimax rotation.
Factor analysis of P subscale extracted one factor accounting for 50.28% of the total variance, representing knee pain, that of S subscale extracted one factor accounting for 88.26% of the total variance, representing stiffness, and that of the modified form of PF subscale extracted two factors accounting for 68.4% of the total variance. The first PF subscale factor represents disability during activities requiring knee flexion within the first 90°(items PF3, PF4, PF6, PF8, PF10, PF14) and the second, disability during activities requiring knee flexion over 90°(items PF5, PF9, PF11).
Discussion
This paper describes successive steps in translating and adapting the WOMAC index into Arabic and the psychometric properties of the translated scale for Tunisian patients with knee OA. The translated and adapted scale has good repeatability as well as each of its subscales (P, S and modified PF). However, construct validity of the translated index could not be demonstrated.
Our study showed that 58% of the patients were illiterate, which made self-administration of the questionnaire impossible. The mode of administration of a questionnaire should allow for including most of the population concerned. Like other questionnaires 37 , our Arabic version of the WOMAC had to be administered as a heteroquestionnaire to be understood by illiterate people.
The Arabic version of the WOMAC was worded in simple and currently used literal Arabic language to allow for its 
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use in the largest possible Arab population. One difficulty is that literal terms are sometimes different from dialectic ones. Moreover, the dialectic synonym of a word can differ from one Arab country to another and from one region to another in the same country. When an item contains words with many dialectic synonyms, it should be eliminated, or, if it has a good clinical relevance, synonyms should be detailed in parentheses below the literal version. Thus, investigators can use the suitable version for each patient. When pre-testing the scale we found that the literal translation of 'socks' in items PF9 and PF11 was not understood by some patients. Because we considered these items clinically pertinent, we retained the two questions and provided in parentheses the dialectic synonyms usually used by North Africans. The translation of a measurement tool can be problematic, especially if cultures differ significantly regarding socioeconomic characteristics and lifestyle 38 . Questions considered not applicable to the target population or with an ambiguous meaning should be omitted or modified. Nevertheless, the meaning of the questionnaire must be conserved 37, 39 . A term as simple as 'sitting' in items P4 and PF14 turned out to be ambiguous for many of our patients: difficulty and pain when sitting and when sitting on a chair can be quite different. Since the original index was validated in an occidental population, for whom sitting is understood to be on a chair rather than on the floor, and since the lifestyle of Tunisian people (and North Africans) involves both sitting on the floor and sitting on a chair we chose to add 'on a chair' in these two items.
Items PF7, PF13 and PF16 were not performed by more than 5% of patients in their daily lives. Thus, according to American Psychological Association recommendations 40 , these items could not be retained. When validating the WOMAC in American, French-Canadian, German, Swedish and Hebrew populations, the authors did not point this result out, possibly because 'never done' was not offered in such validations. Faucher et al. 15, 41 eliminated four items from PF subscale because they were answered as 'never done' by more than 5% of patients in a French population. This is the only study that offered the 'never done' choice. Items eliminated in the French study were not the same as those eliminated in our study, probably because of the differences between Tunisian and French socioeconomic conditions and lifestyles. The repeatability of the scale was excellent. It is unlikely that these results could be due to the short interval between the test and retest. Patients had to answer the questions at the beginning of the first visit. They were then asked several other questions about their family, social and professional status, and disease effects and had to answer Beck's questionnaire. When they answered for the second time, at a 24-h interval, patients might have remembered some questions but would be unlikely to remember their previous answers. For S subscale, the ICC value observed during the validation of the original questionnaire 7 was weak (0.61). One explanation is that patients were interviewed at an interval of one week. Nevertheless, the study by Faucher et al. 15, 41 resulted in the same ICC (0.61) when assessing test-retest reliability at a 3-h interval. In our study the test-retest reliability of P and S subscales and the modified PF subscale was confirmed by the Bland and Altman method 33 . Construct validity of the index could not be established. Construct validity is the main criterion of validity of a questionnaire 40 . Because no gold standard currently exists to assess pain and function in knee OA 42 , we used convergent and divergent validities and factor analysis. Expected convergent and divergent validity were observed for P and S subscales but were less evident for the modified PF subscale. This subscale correlated better with P subscale (assessing pain) and S subscale (assessing stiffness) than with maximum distance walked. However, expected convergent validity was observed between the modified PF subscale and the functional Lequesne score (F Leq). Faucher et al. 15, 41 , using Spearman Correlation Coefficient, and Ryser et al. 43 , using rash analysis, reported the same high correlation between the WOMAC subscales. Faucher et al. 15, 41 suggested that the high correlation between P and PF subscales was due to the pain and function items addressing the same tasks. Using the same phraseology in questions assessing pain and function for the same activity seems to disrupt patients' ability to distinguish the two concepts. This observation points out the difficulty of assessing different dimensions in the same questionnaire 15, 44 . Factor analysis of the whole WOMAC index (P, S, and modified PF subscales) extracted four factors that differed from the a priori triple stratification. The concept of an algofunctional assessment of knee OA with this index was not confirmed by factor analysis in this population. Our results of construct validity contradict those of several studies assessing the WOMAC in other languages, which conclude with a valid questionnaire. Stucki et al. 11 did not achieve factor analysis and called into question their first conclusion in a second study using rash analysis 43 . Roos et al. 12 and Wigler et al. 13 chose questionable convergent and divergent criteria and did not perform factor analysis. Finally, only two studies used factor analysis 15, 44 . Thumboo et al. and Faucher et al. extracted factors having pain and function items addressing the same task in the same factor, as we did. One interpretation 44 is that factors could be characterized by task whether the question addresses pain or function and that the two dimensions are closely correlated. However, because the correlation between pain and function has been shown to be weak in study of several other musculoskeletal diseases such as rheumatoid arthritis 45, 46 , low back pain 47 , neck pain 48 , and hand OA 49 , these conclusions remain questionable.
Nevertheless, the factorial structure of each subscale seems to be acceptable. Factor analysis of the modified PF subscale extracted two factors, which accounted for 68.4% of the total variance. These two factors represent disability during activities requiring knee flexion within the first 90°a nd those requiring knee flexion over 90°. Thus, it seems possible to assess each subscale separately, since their psychometric properties were demonstrated.
In conclusion, we translated and adapted an Arabic version of the WOMAC index (the Sfax modified WOMAC) to suit Tunisian people. The translated questionnaire is reliable but not valid in its original form because some questions do not apply to all individuals and because of its poor construct validity. However, P, S, and modified PF subscales seem to have sufficient psychometric properties to be used separately. As P subscale was not modified, it could be used for comparisons between pain scores in patients from different countries with different cultures. This is not the case for modified PF subscale, clearly comparisons cannot be made between the original PF subscale of the WOMAC and this modified form. The impact of reducing items on the psychometric properties of the modified subscale PF must, nevertheless, be examined in a larger population. Although the scale was validated in a Tunisian population, it could suit other Arab populations, especially North Africans. Further studies are needed to confirm such a hypothesis.
